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THE LOCAL VARIABILITY OF RAINFALL AND TRIBAL I NSTITUTI ONS
THE CASE CGF SUDAN

This paper develops and tests hypotheses relating
rainfall wvariability to two aspects of tribal institutions:
the degree of commonality in property rights and the degree
of centralization or hierarchy. In contrast to nost existing
studies which deal wth intertenporal variability of
rainfall in a given area, this study focuses on the effects
of the local (spatial) variability of rainfall. Wen risk-
averse agents attenpt to maximze their utility in the face
of production and Brice risks arisin? from local as well as
intertenporal variability of vrainfall, it is shown that
their welfare can be enhanced by a tribal institution which
pools the land parcels of all nenbers of the tribal society
in such a way as to allow every nenber access to every |and

arcel. It is also argued that local variability should
ower the degree of centralization or hierarchy ‘in the
tribe, both directly and indirectly.

H storical data from ethnographic studies on a ¢Cross-
section of 41 Sudanese tribes and neteorological data from
168 rainfall stations are conbined to generate indices of
relevant variables and indicators. The resulting indices are
then wused to test the hypotheses developed in the paper. The
results provide at |east tentative evidence in support of
the hypotheses. In particular, the following hypothese are
supported: (1) The degree of openness of tribal land to all
menbers of the tribe is positively related to the degree of
local wvariability of rainfall but negatively related to nmean
rainfall. (2) The relative inportance of agriculture vis-a-
vis animal husbandry is positively related to mean rainfall
but negatively related to the local variability of rainfall

3) The exogenous conponent of the choice of agriculture

has a significant negative influence on the degree of
openness but an insignificant influence on the deyree of
centralization or hierarchy of the tribe. (4) A greater
degree of centralization Is needed when both agriculture and
animal husbandry are practiced in relativelg close proxint
in the environmental conditions of asars. (5) The degree o
centralization or hierarchy is also found to be negatively
related to the degree of openness and also bhoth directly and
indirectly to the local wvariability or rainfall. (6)
Al though not devoid of nmethodological problens, and based on
only a smll nunber of sanple observations, there is also
some tentative evidence of a significantly positive
relationshuip between the degree of openness and efficiency
in the production of aninmal husbandry.

One inportant inplication of the analysis is therefore
that local variability of rainfall is characteristic of
ASARs in tropical countries. Another is that where this
characteristic is rather pronounced, it suggests an



inportant qualification of the validity of the wusual policy
prescription in favor of private property rights and
I ndividually managed and operated farns.



THE LOCAL VAR ABILITY OF RAINFALL AND TRIBAL | NSTI TUTI ONS:
THE CASE OF SUDAN

ABSTRACT

The purpose of this paper is to develop and test hypotheses relating
rainfall wvariability to two aspects of tribal institutions: property rights
and the degree of centralization or hierarchy. In contrast to nmpst existing
studies which deal with intertenporal variability of rainfall in a given area,
this study focuses on the effects of the local (spatial ) variability of
rainfall. Wwen risk-averse agents attenpt to nmeximize their utility in the
face of production and price risks arising from local as well as intertenporal
variability of rainfall, it is shown that their welfare can be enhanced by a
tribal institution which pools the |and parcels of all menbers of the tribal
society in such a way as to allow every nenber access to every land parcel. It
is also argued that local variability should |ower the degree of
centralization or hierarchy in the tribe, both directly and indirectly.

Historical data on a cross-section of 41 Sudanese tribes and
nmet eorol ogical data from 168 rainfall stations are combined to generate
indices of relevant variables and indicators. The resulting indices are then
used to test the hypotheses developed in the paper. The results provide at

| east tentative evidence in support of nbst of the hypotheses.
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In recent years economsts have been neking considerable progress in
explaining institutional arrangements, and especially in relating variations in
environmental conditions to variations in the character of rua institutions.?!
Nevertheless, with respect to explaining property rights and the structure of
i ndi genous societies, economc explanations have generally renained extremely
overly simplistic,2 thereby leaving much of the explanation to political

scientists, sociologists and anthropologists.3

The purpose of the present paper is to extend conventional econonic
expl anations for the choice of property rights and the type of social structure
(which typically include the scarcity walue of land) so as to include alse the
spatial variability of environnental factors. Wile nunerous other environmental
characteristics may also be subject to considerable local variability, because of
its general inportance and neasurability the focus of this paper is on the |ocal
variability of rainfall. The nodel is used to derive testable hypotheses
concerning the degree of private property rights, and the degree of centralization
or hierarchy in social organization. Finally, it uses data from different parts of
the Sudan to provide evidence on the validity of the hypotheses.

The paper is organized as follows. Section | provides the rationale both for
the focus on the local variability of environmental factors, including possible
explanations for its virtual neglect in the existing literature, and for the
choice of different tribal areas in Sudan as the locale for the enpirical

application. Section Il develops the theoretical nodel and derives the relevant

1 For exanple, Hans Binswanger and his collaborators [Binswanger and Rosenzweig
(1986) and Binswanger, McIntire and Udry (1989)) denonstrate how the degree of
aridity is likely to affect the relative inportance of risk, the choice of
technol ogy and the degree of development of land, credit and I|abor markets. Note
also the rapidly increasing literature attenpting to explain the interlinking of
markets and contracts and the choices anong various-kinds of contracts [e.g.,
Bardhan (1989), nNabli and Nugent (1989), Hayami and O suka (1993) and Lin and
Nugent (1994)].

2 In particular, the extent of private property rights in land is said to be
affected primarily by the scarcity value O that land and the costs OF exclusion.
Thus, a higher scarcity value of land relative to the cost of exclusion of others
from useis said to increase the likelihood of private property rights.

3 This is nost Obvious with respect to the explanation of the degree of social
hierarchy or political concentration anpng different social groups such as tribes,
where (as far as we are aware) the explanations are entirely political and
cultural .



hypot heses concerning property rights in land and the degree of hierarchy. Section
Il describes how neasures of the relevant variables were constructed, identifies
the data sources and presents the data used in the enpirical tests. Section |V
presents the enpirical results and Section V our conclusions and suggestions for

further research.
I. Local Variability of Rainfall and the Sudan

Wile variations in weather in general and rainfall in particular have been
wi dely recognized as inportant sources of production and price risk, the aspects
which have received alnost all the attention have been intertenporal changes
within a given location or region. Amobng the inportant questions of this sort
which have been raised and for which answers have been sought are: (1) Are the
geographic areas in which droughts have been nbst proninent, such as Africa's
Sahel, becoming drier over time? (2) Are the rainfall patterns of the last twenty
years different from those of the preceding decades and centuries? (3) Is global
warmng taking place? (4) If the answers to any of the above are affirmative, what

are the causes and effects of each of these changes?

Virtually neglected, however, have been the local (spatial) variability of
such environnental faotoro and hence such questions as: (1) To what extent do the
risks to rural production and incomes arising from insect infestation, plant and
animal diseases, fire, drought, and floods vary from one local community to
another? (2) How inportant are these variations? (3) If they are inportant, what
do the individuals and groups living in such areas do about these locally varying

sources of.such risk?

Several factors would seem to contribute to the neglect of such issues. One
is that, in the tenperate and relatively humd zones of the world where a majority
of the world's population live, such 1eecal variability of tenperature and rainfall
(the latter usually neasured by the steepness of the decline in the correlation
coefficients in daily or rmonthly rainfall with distance between rainfall stations)

is relatively small.? Another is the conparative dearth of data from a

4 For exanple, aee Stol (1972) for the Netherlands, Huff and shipp (1968), Hurt
(1970) and Jackson (1988) for Illinois in the US., Johnson and Dart (1982) for
the Pacific Northwest of the US., Hutchison (1970) for New Zeal and, Anderson

(1970) for Southern Queensland and New South Wales in Australia, and McConkey,
Ni ohol ai chuk and Cutforth (1990) for Saskat chewan in Canada.



multiplicity of weather stations in a given region. 5 still another is that
intertenporal variations would seem to be nore anenable to policy treatment than
interregional ones. Also, since the local instability of rainfall is alnost
invariably nuch lower for annual than for (the frequently nore relevant) daily or
monthly observations, the fact that so nuch of the published data from which such
correlations can be conputed is annual greatly understates the magnitude of these
local instabilities. Finally and perhaps nost inportantly, whereas in relatively
hum d areas where agriculture is practiced, because drought-induced production
shortfalls are generally associated wth price increases, price risk tends to

of fset production risk, thereby lowering the overall inportance of weather-related

risks for farmer incones.

Yet, there is growing evidence from various arid and sem-arid regions of
the world suggesting that the local variability of rainfall is considerably
greater than in the nore temperate and humid areas of the world. For exanple,
Sharon (1972, 1979) showed that the coefficients of correlation in the daily
rainfall anounts recorded at different pairs of rainfall stations in Southern
Israel and Jordan fell from 0.9 at a distance of 2 kiloneters to 0.6 at a distance
of 5 kiloneters, and 0.25 at a distance of 25 kilometers. Simlarly for Tanzania,
Sharon (1974) and Jackson (1988) showed that correlation coefficients in both
daily and monthly rainfall anong pairs of rainfall stations declined rather
sharply with distance. Sharon (1981) showed these correlations in rainfall anounts
of given distance to be especially low in the desert areas of Namibia. Also,
Govinetto (1972, 1974), Mnteverdi (1978), and Cadipo (1987) have denonstrated
that the local variability of rainfall between stations of a given distance tend
to rise as one noves southward within the Geat Plains of the US. and from cold
climates in both the Northern and Southern hem spheres into warmer and nore arid

ones regions such as the American Southwest. 6 Fi nal |y, Thonpson and WIson (1994)

5 For exanple, with respect to the relatively arid areas of Africa and Vestern
Asia, Hulme (1992 and via private correspondence) reports that none of the
following oountrico has as many as a dozen weather Stations with a significant
nunber of sinultaneous observations on nonthly rainfall: Mrocco, Algeria,
Tunisia, Libya, Egypt, Ethiopia, Somalia, Angola, Nambia, Chad, Botswana,
Mauritania, Burkina Faso, N ger, Mli, Jordan, Syria, lIrag, Kuwait, Saudi Arabia,
Yenen, Oman, United Arab Emirates, Qatar, Iran, =~ and Afghani stan.

6 Sim’larI?/, Sanchez and Nugent (1993) showed the correlation coefficients for
both nmonthly and daily rainfall observations from pairs of rainfall stations of
given distance to be significantly lower in relatively humid lowa than in
relatively dry Wonming and Western Texas.
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report various studies showing somewhat similar patterns in the arid and sem-arid

regions of Northern Mexico.

Moreover, in the nore arid regions where rainfall is insufficient for
agricul tural activities to be feasible and hence where only animal husbandry s
viable, price changes are not likely to offset production changes. Indeed, in
drought conditions, aninmal herders are generally forced to sell off their aninals
at low and falling prices (distress sales) inplying that production and price risk
are likely to conmpound each other rather than offset each other as in the case of
agriculture. Hence, income risk is bound to be considerably more inportant in nore
arid than in less arid regions. Such risks are also magnified by the fact that
herders' incomes are likely to remain low longer in droughts than those of farmers
because of the fact that herder incomes are highly contingent on the size of
existing herds which are far less able to spring back from droughts than those of

agriculturalists.?7

The aforenmentioned greater relative inportance of local variability in
rainfall in nore arid regions and especially in the nore tropical ones can be
attributed to a number of different natural factors. First, tropical rainstorns
are generally nore unstable, |ess predictable and of shorter duration than those
in nore tenperate regions. Second, the dianmeter sizes of the rain-producing clouds
in tropical and arid regions are generally considerably smaller than those in nore
temperate and humid regions. Third, the evaporation of the pools formed after such
rains is generally much more rapid in dry tropical areas. Fourth, the fact that
the Sahel and other arid and semi-arid regions of Africa, the Mddle East and the
Anerican Southwest are notable for having mountains' interspersed throughout the
pl ains makes for stronger convection in both air currents and rain storns, again

lowering the correlation in daily and monthly rainfall between nearby areas.

The enmphasis in this paper on rainfall is dictated not only by the fact that
rural incomes are far nore dependent on rainfall than on other sources of

production and price risk but also by the fact that rainfall statistics are far
nore available than those on insect and plant and animal disease infestations and

f1 oodi ng.

7 These considerations no doubt contribute substantially to the explanation of the
findings of Sen (1981) and others which show that herders show up prominently as
the most frequent and severe victins of fam nes.



Qur choice of Sudan as the country for relating the local variability of
rainfall to property rights and social structure is based on several
considerations. First, Sudan is the largest single country in Africa and, as a
result, has exceptionally great variation in rainfall amounts and variability from
one region to another. In particular, its southern part is generally subject to
fairly high levels and low variability of rainfall while (with sone exceptions)
its northern, eastern and western parts have nuch |ower levels of rainfall but

hi gher wvariability, both spatially and intertenporally.

Second, because of the paucity of the country's other resources, such as
mnerals, energy sources and educated people, and the concentration of its snall
manuf acturing industry in the greater Khartoum area (in the center of the country)
and to a lesser extent in its Red Sea ports, virtually all Sudanese living in
rural areas are engaged rather exclusively in agriculture, animal husbandry® and

to a lesser extent related trading activities.

Third, in contrast to the vast majority of other countries with substantial
areas of arid and sem-arid lands, Sudan has a rather |arge nunber (168) of
weat her stations with sinultaneous observations on nonthly rainfall, and which are
at |east somewhat evenly spread throughout the country. Hence, it is nuch nore
possible to construct distance-standardized indicators of the local variability of
rainfall for Sudan than for nost other countries with substantial arid and seni-

arid regions.

Fourth, it has a large number? of separate ethnic and cultural comunities
(tribes), .including.a.relatively large.number Whose institutions-have been
described and analyzed in a surprising large nunmber of wvery rich anthropol ogical
studies. 10 These studies permt the construction of at least crude indices of the
degree of exclusivity in property rights and the degree of centralization or
hierarchy in tribal structure. Since such studies are available for tribes from

8 Wth the exception of Ethiopia, Sudan has the largest number of cattle or nore
generally "animal wunits" (defined below) in Africa [Snith (1992)].

9 There are said to be over 400 tribes in the country, though nmany of
them of rather snall size and mxed conposition.

10 Among the references provided at the conclusion of the present study and
referred to in the Appendix are several of the nmany, often classic, studies that

have been done on Sudan's various ethnic and tribal communities.



virtually all parts of the country as in the case of the rainfall data, they
present a rather unique opportunity to relate data on the local variability of

rainfall and other environnental characteristics to data on tribal and other

institutional characteristics.

Finally, it should be mentioned that Sudan is very different than nost
countries of the region in the extent to which it has been subjected to
substantial change in the distribution of land across its various ethnic and other
communities and in the character of these conmmunities. As a result of colonial
policy and other influences, in nost African countries their ethnic comunities
have been subject to frequent and very substantial changes, making it inperative
to carefully limt cross-sectional (inter-tribal) comparisons to those few
societies for which conparable data on the relevant characteristics are available
for alnost exactly the same time period (a very limiting requirenent indeed as far
as sample selection is concerned). Yet, the Sudanese experience has been very
different in this respect, i.e., greatly limting changes in social
.characteristics within the different comunities and virtually ruling out changes
in the locations or areas inhabited and used by the different communities. 11 A a
result, Sudan's social structure and the location of its various tribal
comunities have been unusually static, making it nore feasible to conpare
societies the data for which were obtained at somewhat different points in time.

11 Several reasons can be given for why.this was so,.at |eastbetween the late
19th century (and in many cases considerably earlier) and the early 1970s: (1)
neither previous occupations (such as the Qtomans) nor the British colonial
administration nmade any attenpt to change either +the tribal boundarico or their
institutions; (2) in contrast to other countries colonized by Geat Britain, |and
was not alienated from the existing population in favor of colonial settlers; (3)
the primary focus of British rule was to provide law and order and thereby to
freeze each exioting tribal group or community within its existing tribal area
("dar"), the various dars being demarcated in maps and the policy being one
allowing Great Britain to maintain its occupation of the country (thereby
excluding other colonial powers) at the |owest possible admnistrative cost; (4)
the district officers (many of whom were trained in anthropol ogy) were appointed
to the various districts of the country for reIativeIP/ long periods of time so as
to pronote continuity in both policy and know edge of the local tribes; (5) Sudan
has experienced only very slow economic growh and social transformation; and (6)
until well into the 1970s, none Of the post-colonial governnents had introduced
any substantial changes in land use legislation or interference in tribal affairs.
At nost, the new legal and other institutions of the Sudanese state paralleled
those of the tribes, but did not deliberately sabotage or undermne those of the
tribes.



Il. Theory and Behavioral Hypotheses

The econonmic theory of property rights has evolved only slowy fromits
original enphasis on the rising value of such property as the primary reason for
the energence of property rights, the rising property value brought about either
by population density or a rise in the value of that which is produced by the
pr:oper‘t:y.l2 The nore valuable +he property, the greater the threat of rent
di ssipation, and hence the greater the incentive to establish property rights,

either private or conmon.

There have been at least three mpjor extensions of this theory over the |ast
decade or two [Eggertsson (1990)]. One has been to recognize the role of
monitoring and exclusion costs in determining the particular form which such
property rights would assume, be they private or comon. As Field (1985) showed,
the choice between open access and conmon or private property need not be a
discrete one but rather one of choosing a point on a continuum For any given |and
area of given quality, productive technology and population (of potential users of
the land (N)), the average size of the comons (S) would be N n where n is the
nunber of commons or subdivisions of the land, Individual private property rights
exi st when n=N and s=1, whereas pure conmmon property rights exist when there is a
single comons (n=1) used by the entire N, i.e., where S=N. The optinmal point on
such a continuum of types or property rights would be determined by equality
between (a) the marginal Lramsaction costs involved in regulating use anopng
exi sting menbers of the comopns (believed to rise with S (fall with n) and (b) the

mar gi nal exclusion costs of non-nembers of the comons (belicved to rise with n).

A second extension has been recognition of the nulti-dinensionality of
property rights, for exanple in the case of land, the rights to use it, rent it,
sell it, and the scope of those rights, i.e., the extent to which the apply to
subterranean soil, mnerals and water, surface water, and the air space over the
land. Precisely because of the high transaction costs of nonitoring and enforcing
sonme of these rights, even in the nost developed societies, such rights are
typically incomplete. In other words, especially, with respect to some of these
dinensions, the possessor is unlikely to possess all such rights withoutany
external constraints or regulations.

12 See, e.g., Densetz (1967).



The third extension has been enpirical exam nation of the effects of such
property rights. This is inportant because only in the naive version of the theory
(i.e., without transaction costs and other kinds of externalities) would the
creation of property rights necessarily inply the creation of net benefits over
costs. In the context of land in rural areas of LDCs, these benefits have usually
been assumed to take the form of (1) an incentive to avoid overuse and hence to
maxi m ze the economic rent derived from the land, (2) an incentive to invest in
the land to increase its future productivity, and (3) the usefulness of a |and
title as collateral for investment-enhancing credit. Somewhat surprisingly (at
least to some), enpirical assessments have not always confirmed the alleged
advant age of conpletely defined and individual praperty rights (with land +itles)
over less conpletely defined rights.13 This has stinulated considerable search for
expl anations (apart of course from prohibitive transaction costs) for the less
than conplete property rights. One such explanation is that there may be several
previously ignored benefits of inconplete property rights, such as that there nay
be information and efficiency advantages if the conmunity as a whole is able to
determine at each point in time and based on its accunulated information who is
most deserving of access (Mgot-Adholla et al.). Another suggested by Hoff and
Lyon (1993) is that communal control may allow for nore effective control of the
moral hazard problems inherent in the various contractual relations within the
community, especially those with respect to credit, which otherwise could result
in market failure. A third and nore popular explanation is the second-best
argunent that some higher level institutional or legal constraint (perhaps

justified at one point in history) prohibits the attainment of the first-best

(conplete property rights).14

Qur tack is to further develop another extension which has recently been
initiated, namely the relevance of income risk, deriving from (exogenous)
variations in environnental circunmstances, 15 This approach starts from the
proposition that the optinmal property rights regime should depend not only on
transaction costs and the expected value productivity of land (as in the now
standard theory) but also on the variance in such productivity over space.

13 See especially Mgot-Adholla, Hazell, Blarel and Place (1991).

14 See for example the survey of such arguments by Eggertsson (1990).

15 See especially McCloskey (1976, 1989), Behnke (1984), Brom ey and Chavas
(1989), Sanchez and Nugent (1993) and Wlson and Thonpson (1993).



Consider the intertenporal variance in land productivity of a given region

(R) which is formed by pooling two subregions, 1 and 2, and which is defined by:

2

O'R2 =0 + 0"22 + 2r0'10'2 (1)

Clearly, the owverall variance depends in part on the correlation in the variations
of such productivity between the two subregions of R i.e., rj,. Wen several
subregions, each having the same variance (s2), are pooled to form a single region,

the average variance per unit of land in that region can be expressed as:
og? = [o?/m][1 + (mI)r] (2)
where r is the nmean of all pairs of correlations between the respective variations

in rainfall in the m different subregions.

Clearly, when r=1, ch = ¢, indi cating there would be no risk reduction
advantage in land pooling. Yet, when r < 1, ch declines as mrises and also as r

falls, thereby suggesting that land pooling could be advantageous.

In the latter case and in the absence of wel | -devel oped insurance nmarkets, a
rational but risk-averse rural LDC household would be interested in diversifying
some of its environmental risks by taking advantage of the less than perfect
correlation between the variances on different subregions within region R If the
ri sk-reducing advantages of land pooling would come only at a certain cost in
terms of expected productivity, .e.g.,.as.a.result .of .the.time.it would take to,
move the locus of productive inputs from one subregion to another, this would
inmply the existence of a transformation function with respect to expected

productivity and its variance as a result of the degree of l|and pooling.

The optimal degree of land pooling would also depend on individual
preferences with respect to expected output and risk. The risk prem um anyone
would be willing to pay would depend on his coefficient of risk aversion and the
variance in productivity. As Newbery (1989) has shown, under reasonable
assunptions about the shape of the utility function, the risk premum could be
approxi mated by: o = (A/2)02, implying that the coefficient of risk aversion would

be a constant, and the optiml degree of land pooling (measured by m would be
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determned by the point of tangency between the transformation curve and the slope
of the rural household' s utility function given by dcz/d_u. as shown in Figure 1.

More specifically, the household could be assumed to nmeximze a utility

function containing both an expected productivity term (u) and a risk term (e2):
U = Ulp(m), ¢2(m)] (3)

where both ternms are functions of the number of pooled plots to which the

i ndi vi dual househol d m ght have access. Following McCloskey (1976) and  Thonpson
and WIlson (1994) in assumng that each of the m plots or subregions wthin region
R has the same size, average yield and variance (but not necessarily the sanme
covariancesl6) and that there are H hectares in the region, the expected

productivity of the land endowrent (uy ) could be witten as:
Hy = Br(E/m)? (4)

where 71 represents the elasticity of expected productivity with respect to the land

endowrent per plot, i.e., plot size. Clearly, expected productivity is inversely
related to the nunber of plots in the pool mand directly related to both the size

of the land endowrent H and its productivity indicated by the paraneter vy.
Under these sanme assunptions, from equation (2) °R2 woul d becone:
og? = [H2 o?/m][1+(m-1)r] (5)

Since both (4) and (5) are functions of the choice variable m as indicated
inthe figure, as in "Figure 1, m could be chosen-in such a way that the narginal
rate of substitution along the transformation frontier between variance and
expected productivity would be nade equal to the coefficient of risk aversion from

the utility function (3).

Al gebraical ly, de? fdu =34 = (—8y/8m)/(8¢2/8m)

16 If the plots vary oignificontly in quality, the problem could become somewhat
more conplicated. In this case, individuals would nuch prefer to obtain plots wth
low variance and high yields and one mght expect considerable bargaining over the
rules. In practice, however, for nost of Sudan at |east, although yields vary with
soi l type wthin a snmall region, the variances seldom do since they are subject to
the simlar influences like rainfall and flooding.
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whi ch from equations (4) and (5) can be rewitten as:
A = [m(H/m)1™]/(B%e? (x~1)/m?] = [m(H/m)T"1]/(c?(x~1)) (6)

Alternatively, (6) can be rewitten as an expression for the optiml nunber

of pooled plots, mn*

m* = H{[AoZ(r~1)]/m] (/1) (7)
Clearly, the optinal nunber of pooled plots or the degree of diversification of
the portfolio of different land parcels would be positively related to the
coefficient of risk aversion, and the extent to which diversification reduces risk
(indicated by r-1) and inversely related to the productivity and productivity |oss
parameters y and =, respectively. Note that both the basic productivity benefit of
i ndi vidual property rights (which would result in a small m and all the inportant
extensions of the basic theory, such as the transaction costs, reflected in =n and
the environmental risk elenents reflected in o2 and r, appear in this fornulation.

This formulation yields the following testable hypotheses:

(H1) The higher the productivity or scarcity value of the land (y), the lower wll
be m.

(H2) The higher the efficiency or transaction cost loss due to diversification

reflected in =n, the lower will be m
(H3) The higher the value of &2 and the lower the value of r, the larger will be m

(H4)  Since for given land quality the productivity of the land can be affected
the basic type of land use, i.e., value productivity in agriculture generally
being higher than in animl husbandry, due in part to its lesser use of |abor and
other resource inputs, a choice of animal husbandry over agriculture (at |east as
practiced in sem-arid areas of 1DCs |ike Sudan) would generally have the effect
of lowering y and thereby raising m By contrast, the selection of agriculture over
animal husbandry would lower m Another reason for the hypothesis is that there
are qgreater external economies of scale in animl husbandry rather than in

agriculture, inplying a |ower value of n.17

17 See Nugent and Sanchez (1989, 1993) and Sanchez and Nugent (1993).
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Closely related to the issue of property rights in land is the degree of
centralization or hierarchy in the society. Two different explanations for

hierarchy might be given:

(HS) Since hierarchy is costly, hierarchy may be possible only when there is a
surplus which would be nore likely on good agricultural lands than on dry grazing
lands frequented by nomads.l8 Hence, centralization and hierarchy within a society
could be expected to be higher when weather and other conditions are favorable to
high value productivity and high population density as would typically be the case
with better market conditions for output and greater scarcity value of |and.

(1i6) Since seasonality In production increases the inportance of generating peak
season surpluses for use in the trough season, greater seasonality would be
expected to increase hierarchy (in part also to manage and allocate the

sur pl uses).

(H7) Since different households typically specialize in different activities, and
the production of both agricultural and animal products in close proximty can
yield inportant negative externalities for one another, externalities which mght
be nmitigated with centralization and hierarchy, hierarchy could be expected to be
higher in regions where both agriculture and animal hushandry are practiced than

in regions in which one of these activities is domnant.
[11. Sudan's Tribes and Data

As mentioned in Section | above, several features of Sudan and its land use
make it a rather ideal locus for testing sone of the above hypotheses. Anpbng-these
advantages are that nost of its land is divided into a nunber of exclusive tribal
areas, the different areas having rather different property rights and other
institutions, that land use (especially the relative inportance of agriculture and
ani nal husbandry) varies substantially from one region to another, as do rainfall
and other environmental patterns and characteristics. O particular relevance is
the relatively large nunber and dispersion throughout the populated portions of
the country of meteorological stations with relatively long tinme series on nonthly
and annual rainfall data. ©Other advantages noted above are the relative stability

18 See especially Barth (1960), Sal zman (1967, 1979), Cellner (1990).
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of tribal land areas and institutions over time, especially since the late 19th
Century, and the large number of rich ethnographic studies that have been
conducted at one tine or another on many of Sudan's larger and nore inportant
tribes. The relative stability of the institutional conditions in Sudanese tribes
is inmportant because otherwise it would have been inpossible to obtain the
relevant information on even the nodest cross sectional sample of tribes utilized

in this study.l®

Despite these inportant advantages, this does not nean that the required
data to carry out the analysis are imediately available. Indeed, a major part of
the research on which this study is based involved conbing existing ethnographies
and other studies for at least mninmal information for constructing at |east crude
indicators of the variables identified below Mreover, to operationalize any of
these variables calls into question the appropriate unit of analysis. Since Iand
use and other characteristics are often rather conmmon to the various divisions of
the tribe, though in many cases rather different between tribes, we have taken the
tribe to be the basic unit of analysis. Yet, despite years of discussion, there
remai ns considerable dispute on whether the tribe is a nmore fundamental wunit for
these or other purposes than some of the suggested alternatives, such as the band,
the comunity, the cultural unit or speakers of the same |anguage. Moreover, there
al so remmins considerable controversy over even the very definition of tribe.

I ndeed, even within our investigation of the various tribal groups in Sudan, we
confronted frequent inconsistencies among analysts in terns of whether a
particular tribe was viewed as a tribe or alternatively as either a division of a

larger tribe, or a confederation or grouping of separate tribes.

Table 1 lists the forty-one societies treated as tribes and as the units of
analysis for this study. Wile many of these are rather standard, in the sense
that all analysts refer to them as tribes, there are sone rather controversial
ones as well. Anpbng these are the Hunr, which is sometimes treated as a division

of the Messeriya tribe, and the Nuba, Dinka and Nuer, all of which are sometines

19 This arises from the fact that the ethnographic and other studies from which
the relevant information on the different Sudanese tribes has been obtained were
quite naturally not wundertaken sinultaneously. The relative stability advantage is
of course only relative, and some characteristics (such as population size and
nunber of animal wunits) changed rather significantly over time. For this reason,

whenever practical, we have tried to obtain estimates for the late 1930's.
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referred to as tribal groups rather than as individual tribes. Each of the latter
is treated here as a single tribe because of remarkable simlarities in
institutional and other characteristics anong their various divisions and their
common historical experience, 20 Their location within Sudan can be seen from the

mep presented in Figure 2.

Qur presentation begins with a brief description of the endogenous variables
and then goes on to the measures of the exogenous explanatory variables. Wth
respect to the indicator of diversification (m in the nodel presented in Section
II), we use an indicator called openness (OP). By this measure we nean the right
of individual households to use land virtually everywhere within the tribal area
(in Sudanese terminology the ™dar"). Naturally, such a characteristic is not
easily quantifiable and, as suggested above, because of the nultidinmensionality of
property rights and the variation in rights of access by types of activity and
time of year etc.,2l its construction requires that a weighting of the different
di mensions be performed. Gven the inconpleteness of information on all the
rel evant dimensions and the varying relevance of the different dinmensions for

different tribes, this weighting was admittedly rather ad hoc and subjective,

W illustrate the way in which the index shown in the colum for OP, i.e.,
colum 1 of Table 1, was constructed by reference to some of the nore extrene
cases. On the high end of the scale with scores of 90 or 100 are nomadic societies
like the Bisharin, Hadendowa, Kababish and Turkana, whose institutions are such
that virtually every household has the right to take its animals virtually
anywhere within the tribal dar, irrespective of clan, age group, or residential
group.‘22 Even in these societies, there are exceptions in that, where cultivation
is practiced within these territories, the herders are required to respect and
hence keep their aninals off crops which have been planted but not yet harvested.
At the bottom end of the scale are societies |like the Fur, Nuba, Shilluk and Zande
where agriculture dominates and where the property rights are essentially private

and rather wunrestricted, inclusive of the right to rent or sell the land.

20 This judgment is based largely on Nadel (1947).
21 See especially Bailey (1992) and for Africa Migot-Adholla et al (1991).

22 Moreover, even in some of these cases, there seem to be differences of opinion
among those doing studies on these tribes as to whether or not these conditions
prevail . Compare, e.g., the characterizations of the Turkana by Barbour (19261),

Gulliver and Gulliver (1953) and Lebon (1965).
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As articulated in (H5-H7) above, a second institutional characteristic which
varies across the tribes, and which for reasons indicated above we deem deserving
of explanation, is the degree of centralization of control and hierarchy in the
society. As noted above, this characteristic is closely associated, and perhaps
even jointly determined with openness. This is because the stronger is the power
and independence of a tribal |eader, the nore likely it is that the rights of
access or openness wll be restricted or at least vulnerable to future
restriction. Also, the greater the hierarchy in the society, such as that anong
different clans, come being nmore "noble" than othcrc, the nore likely that |anded
property and other resources would be concentrated in the hands of the few,
thereby depriving many other households in the society from access to |and
(especially high quality land) and other resources. Qur estimates of this index
are given in the second colum |labeled (C). At the high end of this scale wth
scores of 80 and above are societies like those of the Zande and shilluk which are
highly stratified, in both cases with a king or noble chief at the top with
consi derabl e independent power. At the low end of the scale, with scores of O 20,
are chiefless and hierarchy-lacking tribes like the Amarar, Fur, Toposa, Turkana
and Nuer (the latter being especially well-studied and cited in much of the

literature as the case par-excellance of such a society)23.

In the third colum of Table 1, though with many missing entries, is the
nunber of animal wunits (AU). Since different tribes tend to specialize in
different kinds of aninals, sone being nuch larger and nore valuable than others,
the following weights are used for aggregating the nunbers of different animal
types: cattle =1.0, canmels = 1.5, goats and sheep = 0.167.24 Since nost of the
m ssing observations are for tribes for which animal husbandry is rat her l '
uni mportant, the relevant hypothesis is that a higher value of the openness index
(OP) should be positively related to AU. This expectation is based on the greater
i mportance of the aforementioned advantages of comon property rights and
flexibility of access to different land areas within a region in, the face of [ocal

23 See especially, Evans-Pritchard (1940), Bates (1983) and Mddleton and Tait,
eds. (1958).

24 \Wiile this weighting scheme is rather standard, it should be admtted that,
especially anong cattle, there are mmjor differences in size, weight and value
from one region to another, depending on both breed types and ecol ogical
conditions.
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variability of rainfall in the case of grazing than in the case of agriculture.
The relation could of course go the other way around, from AU to OP as discussed

bel ow.

The relevance of the choice between agriculture and animal husbandry as the
primary activity to the other institutional choices has already been identified.
In colum 4 is an index of the percent of agriculture in aggregate tribal economic
activity (PAG. Once again, there is considerable variation over the tribes in the
sanple, with the Zande, Fur, Jur, Acholi and Uduk at the high end and the
Bi sharin, Rababish, Rashaida and Turkana at the |ow end.

Next we turn to the indicators of inter-tribal variation in environnental
conditions. Colum 5 contains the mean monthly rainfall in tens of mllineters
(averaged over the l|argest possible nunber of years) for weather stations in or
near that tribal dar (RM). A high index of RM would inply greater |and
productivity and hence a |ower value of m and hence openness (OP) and possibly
also a higher value of the centralization index (C) due to the greater inportance
of investments in land, and econom c surplus. These range from less than 100 for
Bisharin territory in the far north and only slightly over 100 for the Amarar,
Beni-Amer and Rashaida in the fairly far North to over 1000 in the hilly regions
of the South.

Simlarly, and again from the rainfall stations in or near each tribal dar,
as an index of rainfall seasonality, in colum 6 we present an average of the
ratio of difference between (a) the average nonthly rainfall of the three highest
rainfall-nonths..and (b) .that.of.the.three |owest rainfall months to the nonthly
average overal!l nonths. This variable is labeled RS. As can be seen, the value of
this index ranges from lows of a little over 1 for someof the tribes living in
the high rainfall areas of the South (such as the Acholi, Fajelu and Zande) to
highs of closeto 4 for the tribes living in the arid North where the linmted
rainfall is confined to a very few nonths of the year. As suggested in (H6) a high
value of RS, would be expected to be associated with a high value of C so as to
coordinate storage of the peak-season production surplus for use in the trough

season and/or nmssive interregional migration between seasons.

The next rainfall-related nmeasure (presented in colum 7) is the coefficient
of variation in annual rainfall over time (RCV). In contrast to the other rainfall



indicators which are built up from the individual time series for the 168 rainfall
stations, the source of this data is a special nonograph on this subject [El Tom
{1975)]. As shown in colum 7, these indicators of intertenmporal variability in
rainfall vary from lows of less than 10% in the Southwest to 100% in the Northeast
where the Bisharin live. The higher the intertemporal coefficient of variation
(RCV), the higher should be the expected advantage of diversification (and hence
the value of OP) and the expected disadvantage of centralization (i.e., |ower

value of C).

The final rainfall-related variable is the average coefficient of
correlation in the monthly rainfall observations between adjacent or nearby pairs
of rainfall stations. The values of this index are presented in the eighth colum
and |abeled RDIST. Since the space between rainfall stations varies considerably,
the correlation generally falling with distance, it is inportant to standardize
this index for distance. This is done by the following formula: RD =
(DIST/lOO)*iRDIST with the data for average distance between rainfall stations
presented in the last colum of the table (labeled DI ST). As has been enphasized
abave, the resultingst andardi zed correl ati on coefficient (rRp) would be expected

to have a negative effect on OP and a positive effect on C

In the next two colums of Table 1 are estimates of the tribal population
and size of the tribal dar (or area within which that is used rather exclusively
by nmenbers of the tribe in question). The fornmer is neasured in thousands of
persons, wherever possible excluding the population of towns within these dars
whi ch may contain menbers of other tribes and in which the primary enploynment
activities are neither agriculture nor aninal husbandry.zs"rhe latter is measured
in thousands of square niles. The primary use of these data is to conpute
popul ation density (DENPOP), which as noted above is generally considered an
important determinant of both the scarcity value of land and the energence of

(private) property rights.

The final measure included is a dummy variable for river (RIVER). |f there

were (a) several rivers or (b) amajor river flowing in all seasons of the year or

25 As nmentioned above, tribal population was a characteristic which in general was
far from constant over time. In this case, therefore, we deemed it relevant to
center the data on the late 1930‘s and extrapolate forward or backward to that

date based on what was know about population growh rates in the sane general

vicinity.
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(¢), even if not (b), nuch of the tribal dar was close to the river(s), a value of
1.0 was assigned for RIVER If there were one or nmore rivers, but not in close
proximty to much of the tribal area, a value of 0.5 was assigned. Finally, if the
tribal area was without a river of any consequence, a value of 0 was assigned. The
effect of RIVER on OP would be expected to be negative and that on C positive.

Iv Enpirical Results

Enpirical estimation of the relationships identified in H-H7 above, in
particular anmong the degree of openness (OP) and the degree of centralization or
hierarchy in the society (C and the explanatory environnental variables
identified above (PAG AU, DENPOP, RM RS, RD, RCV, and RIVER) is severely plagued
by two problems: namely, nulticollinearity and potential sinultaneity anmong the
variables.2® In order to nitigate these problems, we have had to: (1) be selective
in the variables included in any one regression specification, (2) define the
relevant variables to be as exogenous as possible (especially with respect to PAG
and AU, and (3) recognize the possibility of joint determ nation between op and C
and the need to satisfy the rules of identification (again by being parsinonious
with respect to the right-hand side variables included in each equation).

First, in the spirit of objectives (1) and (2), and because of its many
m ssing observations, we exclude AU from the determnation of OP and C, though as

i ndi cated below we assume that AU POP could be affected by OP.

Second, since the choice between agriculture -and non-agriculture °(PAG) -might
not be entirely exogenous to institutional choice, we first estinmate a reduced
form equation for PAG and then use the results of this equation in estimting the
equations for OP and C. The results of the reduced form equation for PAG are given
in colum (1) of Table 2. As can easily be seen, the explanatory power of the
model is reasonably high (R2 = 0.593). The coefficients of all the explanatory

variables have the expected signs, although only those of RM, RD and RS are

26 For exanple the correlation coefficient between OP and PAG is ~.89, and
those between PAG and both RM and RD and al so between RCV and both RM and ‘RS are
above .70 in absolute terns.



statistically significant at the 10% level and only the latter two at the 5%

| evel.

From the aforenentioned correlation matrix and the results of the PaG
equation it is clear that the tribe-specific values of the predicted PAG (PAGHAT)
would be closely related to the tribe-specific values of the significant
expl anatory variables, including the environnental ones whose effects on op and c¢
are the primary focus of the analysis. Yet, the residuals from this equation,

i.e., PAGR = (PAG PAGHAT), are nuch less closely correlated with the environnmental
variables. Also, since these residuals may represent the nore genuinely exogenous,
unobserved cultural and historical conmponents of the choice between agriculture
and animal husbandry of the different tribes, it is PAGR which is included anong
the other explanatory variables in the regressions for OP given in colums (2) and
(3) and in that for Cin colum (4) of Table 2. In the case of C, however, as
mentoned above, a perhaps nore relevant determinant is the extent to which
agriculture and animal husbandry would be practiced in close proxinmty to one
another. For this purpose, in the regressions for C in both colums (4) and (5) we

use a dummy variable for a value of PAG ranging from 30 to 70 (PAGDUM).27

The 2SLS estimates of a sinple version of the estimating equation for OP are
given in colum (2) of the table. Note that, with the exception of Rcv, the signs
of the coefficients of all the explanatory variables are as expected and the
exceptions statistically insignificant. Gven its insignificance, the results
reported in colum (3) are with RCV omtted. |Its omssion is seen to have little
effect on the other results. Sonmething of a surprise, however, is that, as
indicated by-their-respective T--val ues; -in-each of “the-three OP regressions, the
effect of the variable of special interest in this paper, i.e., the distance-
standardi zed average correlation coefficients of nonthly rainfall observed at
nearby nmeteorological stations (RD), is slightly nore statistically significant
than either mean rainfall (RM or population density (DENPCP), the variables
traditionally believed to be the prinmary determnants of property rights and hence

OP. Note also the strong (and highly significant) expectedly negative effect of

27 Although, in principle, for the reasons indicated above, it might be assumed
that PAGDUM should be calculated from PAGHAT, it was found to make no essential

difference whether PAGDUM was conputed from PAG itself or paGHAT.
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PAGR on OP in all three regressions and the negative but not significant effects

of CHAT.

In colums (4) and (5) we present the 2SLS estinates for the corresponding
regressions for C. As suggested in HS5-H7 above, the explanatory variables in
regression (5) are PAGR, PAGDUM OPHAT, RS, RCV, DENPOP, RIVER and, as suggested
above, an interaction term between (1-RD) and RCV. For reasons given above, OPHAT,
RCV and possibly its interaction with (I-RD) would all be expected to have
negative effects on C. On the other hand, the effects of PAGDUM RS, RD, DENPOP
and RIVER on C would all be expected to be positive.

Wiile nost of the signs of the coefficients in colum (4) are as expected,
there are some notable exceptions such as PAGR, DENPOP and RIVER None of the
latter are statistically significant, however, and when PAGR and-RIVER are onitted
as in the colum (5) regression, the coefficient of DENPOP no longer has the
“wrong" sign. 28 A possi bl e explanation for the unexpected and weak results for
RIVER is that nost of the rivers are in the southern part of Sudan where water is
generally less in scarce supply and indeed may make for greater rather than less

mobi ity because of seasonal flooding.

O particular relevance are the negative and generally fairly significant
effects of OPHAT and RCV and the positive and significant effect of RD and RS on C
in both of these regressions. Also note that the effect of PAGDUM is positive and
significant at the 10% level. Despite the fact that RD has the hypot hesized
positive effect on C, when (1-RD) is interacted with RCV its effect is positive
and significant. Remembering that RD.has a. negative positive effect-on OP and
OPHAT a negative effect on C, it is clear that there are both direct and indirect
negative effects of RD on C

Al though the major focus of the paper is on the determinants of OP and C,
and especially on the effects of local variability of rainfall, in view of the
fact that an inplication of the institutional analysis of OP in the case of aninal
husbandry is that productivity should be higher when OP is high than when it is
low. As at least prelimnary evidence relevant to this inplication in colum (8)
of the table we present the results of a sinmple regression of one index of

productivity in animl husbandry, nanely the nunber of animal units per capita

28 Clearly, however, it is still totally insignificant.
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(AU POP). As can easily be seen, the coefficient of OPHAT on (AU POP) is positive
and highly significant, thereby seeming to support the inplication. It should be
recalled, however, that there would be good reason for expecting there also to be
a relationship going the other way, i.e., from Auprr to OP. Since the result is
only one of correlation, this could just as easily be interpreted as support for
the reversed causality hypothesis than the inproved productivity hypothesis
identified here. 29

v Concl usi ons

The purpose of this paper is to suggest that the local variability of
rainfall and other environmental factors could contribute to our understanding of
institutional choices, such as the degree of openness of access with respect to
land within a tribal dar and the degree of tribal hierarchy or centralization. In
Section Il it was suggested that with its many tribes , nost of which have their
own exclusive tribal dars, and its relatively long time series data on nonthly
rainfall for a large nunber of rainfall stations, Sudan would appear to be an
al nost ideal country for testing the relevance of local variability of rainfall on
tribal institutions. While objective, quantitaive data on the relevant features @f
the different tribes and their tribal dars doesn't yet exist, as exenplified by
the indexes presented in Table 1 above, crude indexes for at l|east several of the

rel evant variables can be constructed from existing ethnographic and historical

studies. This was done as described in Section Ill. \Wen the resulting indices for
environnental factors including both traditional determnants, like mean rainfall
and population density, and non-traditional ones, like local variability of
rainfall, -are used to-explain variations -in institutional characteristics across

the sanmple of Sudanese tribes, the results (Table 2) reveal that the indicators of
local variability of rainfall add considerably to the explanatory power of nodels
already including various traditional determnants of such institutions. Moreover,
in most specifications, the local wariability of rainfall turns out to be a nore
i mportant determinant of both openness of access to the tribal dar and tribal
hierarchy than the traditional explanations. In this regard at |east, noreover,

the results are rather robust to alternative types of specification.

29 The role of aupor in explaining various kinds of institutional and other
variables is featured in the work of Schneider (1979).
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The results also provide evidence for the hypothesized interdependence
between various societal choices, nanely, those of the primary economc activity
(agriculture or aninmal husbandry), property rights (reflected in the degree of

openness of access to land within the tribal dar) and the degree of hierarchy or

centralization.

Finally, taken together, the results are also supportive of the heretofore
negl ected advantage in aninmal husbandry of relatively wi de access to tribal Iand
by the various tribal nenbers in situations characterized by high |ocal
variability of rainfall and other environnental conditions. Since such variability
is relatively high for many if not npbst arid and sem-arid regions, the policy and
other inplications could extend well beyond the confines of the Sudan. Since such
arrangenents would be difficult to work out in a context in which all land is
privately owned, at the least this inplies that considerable caution should be
exercised before prescribing (as is rather commpn) privatization as a solution to
| ow productivity of the land and the alleged tragedy of the comons in poor arid

and semiarid regions.

Wiile as a result, these prelimnary findings provide unexpectedly strong
support for nost of the hypotheses developed here, further research is clearly
called for in a nunber of respects. First, since the sanple of Sudanese tribes
used here is small (41) and non-randomly chosen, it would be highly desirable to
enlarge the sample. Second, given (1) that differing characterizations of some
tribes included in the sample have been identified by different authors in the
existing literature, and (2) that all the measures used have been constructed
rather subjectively by the present authors thenselves, it wll be inportant to see
whet her or not our findings can be corroborated by others with the same sanple of
tribes but their own judgments about weights etc.. Third, it would be desirable to
investigate the applicability of simlar sorts of analysis to tribes and other
groups in other countries or in the arid and senm-arid regions thereof. Fourth, it
woul d be desirable to use a somewhat nore conmplex analytical franmework that would
allow for the sinmultaneous determination of additional variables and further

identify the direction of causality anobng the variables studied.

Aside from the inclusion of population density and nean rainfall, nothing
has been done in this study to put the proposed explanations in this study in
competition with serious alternative hypotheses. This means that the tests
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performed are only rather weak ones, carried out by comparing the hypotheses wth
the corresponding null hypotheses. For exanple, a whole set of alternative serious
hypot heses derives from the idea the choices and actions of one tribe can

influence those of others, at l|east over time, suggesting not only that
institutional innovations may display certain geographic patterns, but also that
the choices are not independent of each other.3C Wile the anal ytic framework used
here has treated every tribe as an independent decision making unit, inportant
theories exist in the literature suggesting that the institutional and other
choices of i ndi vi dual tribes are constrained by the types of institutions chosen
by other tribes in their immediate vicinity, especially in those of greater
mlitary strength or linguistic simlarity. Cearly, therefore, it would be highly
desirable to supplement the variables included here, all of which pertain to the
characteristics of individual tribes with those of other relevant tribes in the

same vicinity.

Finally, for the reason that cross-section results my not apply in time
series contexts, the relevant one for policy analysis, it would be highly
desirable to study institutional change over time in at least a smaller set of

tribes where such data may be available at quite different dates in history.

3099$8e especially Irons (1979), Khazanov (1984), Schneider (1979) and GCellner
(1990).



Table 1; Ooss Tribal Data op Institutional and QOther Variebles

DGO TR BN M O R O R S T M AT 60 B4 e K A O R KE KT R e K3 e

TRIBE op C AU PAG RN K5 RCV  RDIST  POP ARUA  HLIVER Do
00 O A R 0 2 O e 0 0 N 4 P 0 808 00 38 e B o1 8
Acholi 33 30 90 1114 1.10 5 0.76 250 9.0 1.0 1ia
Amarar 80 20 20 179 3.15 05 0.35 30 20.0 0.0 130
Anuak 33 50 90 652 2.16 20 0.00 40 6.2 1.0 10
Bari 33 60 15 50 827 1.71 15 0.88 35 3.3 1.0 59
Bani-Amer 60 20 30 118 3.30 62 0.43 40 100.0 0.0 i5
Berti 20 40 75 232 3,84 63 0.06 35 6.3 0.0 190
Bisharin 100 20 0 59 3.14 100 0.01 34 50.0 0.5 4§50
Bongo-Baka 10 50 a0 734 2.45 15 0.79 3.0 0.0 160
Burun 10 40 80 780 2.14 15 0.62 26 5.5 1.0 01
Daju 10 40 80 545 3.00 37 0.84 (] HY
Pldinga 10 70 30 1114 1,40 5 0.76 5 1.0 1.0 186
Dinka 50 40 50 794 1.83 190 0.61 900 '10.0 0.9 a0
Fajelu 10 60 5 00 1280 1.43 5 0.76 35 1.0 1.0 3
Farahna 20 50 80 297 3.10 25 0.81 30 6.0 0.5 o7
Fur 0 10 0 100 900 3.16 62 0.86 16 2.5 1.0 il
Hadendowa 90 25 20 152 3.17 62 0.09 260 55.0 1.0 Y
Hume 50 40 360 30 370  2.46 37 0,58 55 30.0 0.0 110
Ingassana 40 60 20 8as 3.00 37 0.60 10 3.0 0.0 16y
Jur 33 50 90 924 3.05 15  0.70 10 2.7 1.0 10
Jiye 80 20 30 560 2.70 13 0.50 4 1.0 0.0
Kababizh 100 40 430 5 375 3.19 62 0.50 60 41.0 0.0
Kakwa 33 30 8 90 1161 1.43 5 0.79 45 3.0 1.0
Kresh 10 80 90 964 2.32 15 0.75 10 3.0 1.0
Kuku 10 40 6 75 809 1.64 5 0.79 16 0.3 1.0
Latuko 20 40 5 75 815 1.66 10 0.76 60 2.0 1.0
Lokoya 20 50 3 80 827 1.71 10 0.67 11 0.5 0.5
Mandari 50 50 35 60 811 2.02 10 0.67 26 a.2 0.5
Moru 33 50 4 70 727 171 15 0.67 20 1.3 1.0
Murle 33 30 50 777 167 15 0.68 19 10.7 1.0
Nuba 10 40 80 637 3.50 25 0.01 300 30.0 0.3
Huer 60 10 25 650 2.44 25 0.65 300 50.0 1.0
Hyangbara 33 70 3 70 774 1.44 17 0.64 17 1.6 1.0
Rashaida 100 10 . 0 152 3.27 62 0.09 30 50.0 0.%
Rizeiqab 00 20 400 50 362 3.01 37 0.70 50 15.7 0.5
Rufaa 00 30 30 430 3.11 37 0.77 33 15.0 0,5
Shilluk 10 90 . 80 605 2,48 17 0.76 00 1,0 i.0
Topona 80 10 100 20 627 }.45§ 5 0.40 30 ¢.0 10
Turkana 99 0 445 5 350 1.46 47 0.40 60 26.0 0.1
Uduk 20 60 90 610 2.77 15 0.19 10 0.6 )
Zaghawa 50 30 140 30 258 3.61 a5 0.46 25 11.6 0.0
Zande 10 90 0 95 1026 1.60 5 0.73 754 50.0 0.5

e o L i o e o o A e e 8l B b e oy A e o e rm e

Sources: Sea taxt and Appendix



Regression Results for

Expl anat ory (1)
Vari abl es PAG

PAGR

PAGDUM

OPHAT

CHAT

RM .045

(1. 99)

RS 27.588
(2. 50)

RCV -.434
(1. 39)

RD 41. 417
(2. 34)

DENPOP .364
(1. 41)

RI VER 13. 180
(1. 30)

RCV (1-RD)

CONSTANT -70, 592

(2. 10)
R2 .593
R2 .521
N 41

(2)
OP

-.656

(4. 70)

-.429
(1-44)

-.034
(2.27)

-.207
(1. 07)

- 40. 202
(2. 15)

-.281
(1.39)

119.594
(6. 65)

742
, 696

41

Table 2

(3)
oP

-.660
(4.72)

-.375
(1.29)

-.026
(1.97)

-43. 824
(2.40)

-.239
(1.20)

102. 462
(12.29)

.732

.694
41

(4)
C

-.290
(1.20)

5. 539
(1.97)

-.597
(2. 06)

16. 994
(2.02)

-1.304
(2.98)

38.921
(1.97)

-. 089
(.00)

- 5. 307
(.64)

1. 269
(2.70)

14. 540
(05

.502
.384

41

(3)
C

5. 431
(1.99)

~-.300
(1.70)

19.287
(2.38)

-1.286
(2.98)

54. 230
(2.20)

.003
(.01)

1.161
(2.62)

38-483
(1. 46)

.496
.390
41

PAG OCP, C and AU PCP

(6)
AU/ POP

.158
(5.86)

-3-411
(3. 18)

.696
.676

16



i

2, VARIANCE OF YIELD

2. .
Fae w7, frontier

_%.
‘B, AVERAGE YIELD

FIGURE 1. TRADEOFF BETWEEN AVERAGE YIELD AND
© VARIANCE OF YIELD




;‘}\
P’ \fﬂ&%

%

Port Sudana
i
s S 2




SQURCES

Tri be
Achol

Amar ar
Anuak
Bari
Beni-Amer
Berti

Bi sharin
Bongo- Baka
Bur un
Daj u

Di di nga
Di nka
Fajelu
Ferahna
Fur
Hadendowa
Humr

I ngassana
Jiye

Jur
Kababi sh
Kakwa
Krei sh
Kuku

Lat uko
Lokoya
Mandar i
Moru
Murle
Nuba
Nuer

Nyangbar a

APPENDI X

OF INFORVATION FOR CLASSICATION COF THE VARIQUS TR BES

Sour ces
Barbour 1961, Butt 1964,
and Schoedsock 1929;
1961; wall 1976; Butt
1961; Huntingford 1953;
1961; Paul 1950; Sadr
1961; Janes 1972
Sandars 1933; Barbour 1961
Baxter and Butt 1953;
Butt 1964; Seligman and Seligman 1965
Barbour 1961; Tothill 1948;
Seligman and Seligman 1965;
Barbour 1961; Deng 1972; Lienhardt
Huntingford 1953; Barbour 1961
McM chael 1912, 1967; Lebon 1965
Barth 1962; Barbour 1961;
Barbour 1961; Saleh 1980;
Cunni son 1966, 1972;
Lebon 1965;
Gl l'iver

Lebon 1965
Sandars 1935
1964
Seligman and Seligman 1965
1991

Cooper
Barbour
Barbour
Barbour
Barbour
Lebon 1965

Seligman and Seligman 1965

Seligman and Seligman 1965
Lebon 1965
1958

Runger 1987; Lebon 1965
Owen 1937; Lebon 1965
Adanms  1972; MM chael 1912, 1967
Seligman and Selignman 1965

and Gulliver 1953; Barbour 1961

Nal der 1937; Butt 1964; Barbour 1961

Barbour 1961; Aasad 1970; MM chael 1912,1967; Sadr 1991
Huntingford 1953; Seligman and Seliman 1965; Lebon 1965

Sant andrea 1968

Huntingford 1953; Barbour 1961; Seligman and Seligman 1965;
Huntingford 1953; Barbour 1961; Seligman and Seligman 1965;
Huntingford 1953; Seligman and Seligman 1965; Lebon 1965
Buxton 1955, 1957; Lebon 1965

Baxter and Butt 1953; Barbour 1961

Lewis 1972; Barbour 1961; Lebon 1965

Barbour 1961; Nadel 1947; Faris 1972; Bolton 1948
Evans-Pritchard 1940; Bates 1983

Huntingford 1953

Lebon 1965
Lebon 1965



Rashai da
Ri zei qat
Rufa'a El

Shi | I uk
Toposa
Tur kana
Uduk
Zaghawa

Zande

Saleh 1980; Barbour 1961; MM chael 1912,1967; Lebon 1965

Adams 1982; Runger 1987; Lebon 1965
Ahmed 1972; MM chael 1967; Lebon 1965
Butt 1964; Wall 1976; Barbour 1961; Lebon 1965
Gulliver and Gulliver 1953; Barbour 1961; Lebon 1965
Barbour 1961; Culliver and Gulliver 1953
James 1972; Seligman and Seligman 1965; Lebon 1965
Tubi ana 1992; Barbour 1961; MM chael 1912; Lebon 1965
Baxter and Butt 1953; Barbour 1961; Seligman and Seligman 1965
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